(19) 



J 



Patentsmt 



furooaan 



iliiilllilliiillll 

(11) EP1 837 865 A1 



02) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art- 168(3} EPC 



(43) Date of publication: 

26.09.2007 Bulletin 2007/39 



(51) IntCL 



G11B 7/007<^^^^> 



(21) Application number: 06711653.3 

(22) Date of filing: 1 3.01 .2005 



(86) internattonai application number 
PCT/JP2006/300368 

(87) Intemational publication number: 

WO 2006/075698 (20.07.2006 Gazette 2006/29) 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl PPi GB GR 
HU IE IS IT LI LT LU LV IWC NL PL PT RO SE Si 
SK TR 

(30) Priority: 14.01.2005 JP 2005008471 

(71) Applicant: Pioneer Corporation 
Tokyo 153-8654 (JP) 

(72) Inventors: 

• KAWANO, Eisaku 

anazono 4-chome, Tokorozawa-shT, Saltama (JP) 

• KATO, Masahiro 

anazono 4-chome, Tokorozawa-shl, Saltama (JP) 



* SHJROTA, Akira 

arrazono 4-chome, Tokorozawa-shl, Saltama (JP) 

* WliURA, Masahrro 

nazono 4-chome, Tokorozawa-shi, Saitama, (JP) 

* KANEGAE, Tohru 

anezono 4-chome, Tokorozawa-shi, Saitama (JP) 

* TANIGUCHI, Shojl 

anazono 4-chome, Tokorozawa-shi, Saitama (JP) 

* ftfiURAMATSU. Eiii 

anazono 4-c1iome, Tokorozawa-shi, Saitama (JP) 

(74) Representative: Viering, Jentschura & Partner 
Grillparzerstrasse 14 
81575 IVflunchen (DE) 



(54) INFORMATION RECORDING DEVICE AND METHOD, AND RECORDING CONTROL 
COMPUTER PROGRAM 



CO 
00 

to 

00 



UJ 



(57) An information recording apparatus (300) for re- 
cording information into at least a predetermined area of 
a second recording layer (LI layer) by laser light which 
has penetrated a penefenated area of afirst recording layer 
(LO layer), is provided with: a recording device (302, etc) 
for recording the information in the first recording layer 
orthe second recording layer; ajudglng device for judging 
whether or not an unrecorded amount which indicates a 
size of radius of an area in an unrecorded state in the 
penetrated area issmaiierthan a predetermined amount; 
and a controlling device for cofitrolfing the recording de- 
.VFceto record the information into the predetermined area 
if rt Is judged that the unrecorded amount is smaller than 
the predetermined amount. 
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Description 

Technical Field 

5 ■ [0001 ] The present invention relates to an information recording apparatus and method, such as a DVD recorder, for 
recording information onto a multilayer type information recording medium, such as a two-layer type DVD and CD 
(Compact Disc), for example, and a computer program for recording control. 

Background Art 

10 

[0002] In an information recording medium, such as aCD-ROM (Compact D^sc - Read Only Memory)^aCD-R (Compact 
Disc - Recordable), a DVD-ROM, a DVD-R, a DVD-RW, and a DVD+R, for example, as described in patent documents 
1 and 2 or the like, there is also developed an information recording medium, such as a mLfIti layer type or dua^ layer 
type optical disc, in which a plurality of recording layers are laminated or pasted on the same substrate. Then, on an 

?5 infonnation recording apparatus, such as a DVD recorder, for performing the recording with respect to the dual layer 
type, i.e., two-layer type, optical disc, laser light for recording is focused or condensed on a recording layer located on 
the front (i.e. on the closer side to an optical pickup) as viewed from the Irradiation side of the laser irght (hereinafter 
referred to as an TO layer'', as occasion demands) to thereby record infomnatJon into the LO layer in an Irreversible 
change recording method by heat ora rewritable method. Moreover, the laser light is focused or condensed on a recording 

^0 layer located on the rear of the LO layer (I.e. on the farther side from the optical pickup) as viewed from the irradiation 
side of the iaser light (hereinafter referred to as an "L1 layer, as occasion demands), through the LO layer or the like, 
to thereby record Information into the L1 layer. 

[0003] When information is recorded into the LI layer, which constitutes such a two -layer type optical disc, the optimum 
recording power of the laser light with which the LI layer is irradiated through the recorded LO layer, as shown in FIG. 

55 12(a)» is 44.5 (mW: milliwatt) at which a jitter value is minimal on a parabolic curve in a thin line (with white triangles) in 
FIG. 12(c), for example. On the other hand, the optimum recording power of the laser light with which the L1 layer is 
irradiated through the unrecorded LO layer which has a different light transmittance from that of the recorded LO layer, 
as shown in FIG. 12(b), is 46 (mW: milliwatt) at which a jitter va\ue is minima! on a parabolic curve in a thick line (with 
black triangles) in FIG. 12(c), for example. Thus, there is a need to consider whether or not the LO layer is recordeci, in 

30 the case of the recording in the LI layer. With respect to this, there is devised or invented a recording method in whbh 
a so-called recording order is satisfied, which isthat the laser light for recording which has penetrated or iraismltted die 
LO layer in a recorded state is to be irradiated, for example. 

[0004] The recording order is now discussed. When the information is recorded into the Li iayer, if the recording 
power fs set to appropriately perform the recording in the case that an area in the LO layer is in the recorded state, for 

35 example, the amplitude of a reproduction HF (High Frequency) signal is large, and appropriate or good s\gn&\ quality is 
obtamed, as shown in the left part of FIG. 13, in an area irradiated with the laser light for recording through the LO layer 
in the recorded state. In other words, an asymmetry value obtained from this signal takes an appropriate va^ue. On the 
other hand, as shown in the right part of FiG. 13, If the recording power is set to appropriately perform the recording in 
the case that the area in the LO layer is in the recorded state, for example, the amplitude of the reproduction signal Is 

4o small, and good signal quality is not obtained in an area irradiated with the iaser light for recording through the LO layer 
m an unrecorded state. In other words, the asymmetry value obtained from this signal takes a different value from the 
appropriate value, such as a low value. On the other hand, as shown in the middle part of FIG. 13, the amplitude of the 
reproduction signal in an area irradiated with the laser light for recording through the LO layer in which the recorded area 
and the unrecorded area are mixed on a single track, varies depending on how eccentrically or disproportionately the 

'^5 area of the LO layer In the recorded state or the area of the LO layer in the unrecorded state Is located from the center 
of the irradiation diameter of the laser light in one circle (or track), due to the extent of an eccentric amount., tn other 
words, the asymmetry value obtained from this signal has such a feature that it transits from one to the other out of the 
high level and the low level, if the recording with the irradiation diameter of the laser light penetrating the LO layer in the 
completely recorded state is not perforrned, there likely arises a problem in the reproduction, 

so [0005] Thus, there have been devised or Invented a recording method based on the above-mentioned recording order, 
in such a recording condition that the recording edge of the L1 layer is set a laser irradiation radius or more away from 
the recording edge of the LO layer in order to record with the Irradiation diameter of the laser light penetrating the LO 
layer in the completely recorded state. Specifically, the recording method is a method in which a dimensional error held 
by each of the LO layer and the Li layer, as shown in FIG. 4(a), and a pasting error in the LO layer and the LI layer, as 

55 shown In FIG. 4(b), are added; namely, in which a so-called margin is considered, 

[0006] Patent document 1 : Japanese Patent Application Laid Open NO, 2000-31 1346 Patent document 2: Japanese 
Patent Application Laid Open NO- 2001-23237 
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Dfscfosure of (nventiofi 

Subject to be Soived by the invention 

5 [0007] However, there Is a possibility that when the infomatlon is recorded into the LI layer by the laser light which 
has penetrated the LO layer, the most part or least part of an area of the LO layer penetrated by the laser light (hereinafter 
referred to as a "penetrated area", as occasion demands) \s in the unrecorded state. 

[0008] In this case, in order to uniform the reproduction quality of the information whicti is recorded into the LI layer, 
a place large enough to ensure an area in the recorded state^ only as needed, is searched for, and the area in the 

10 recorded state is set as the penetrated area in the LO layer. Then, the infomnation is recorded into the LI layer. Therefore, 
it is necessary to respond to the area in the recorded state or the area in the unrecorded state, which occur irregularly, 
in the LO layer, so that there is such a technical problem that it is difficult to quickly and appropriately ensure the recording 
area which satisfies the recording order. In addition, there is also such a technical problem that this is the bottleneck of 
an information transfer process and this Increases a time length required forth© recording operation, 

^5 [0009] Alternatively, In this case, for example, the recording power of the laser light is relatively changed, in order to 
equalize the reproduction quality of the information recorded in the L1 layer by the laser light which has penetrated an 
area in the LO layer in the recorded state and the reproduction quality of the information recorded in the L1 layer by the 
laser light which has penetrated an area in the LO layer in the unrecorded state. Therefore, a complicated recording 
control process is needed, such as frequently changing the recording power. There is such a technical problem that the 

20 complicated recording control process cannot respond to high-speed recording and this likely causes non-uniform re- 
production quaMty of the information recorded m the L1 fayer 

[0010] It is therefore an object of the present invention to provide an Infomnation record'mg apparatus and method, 
which enable infomiation to be recorded, more efficiently and quickly, even onto an infonnation recording medium having 
a plurality of recording layers, for example, as well as a computer program whk?h makes a computer function as the 
^5 infomiation recording ap[:^ratus. 

Means for Solving the Subject 

(Information Recording Apparatus) 

30 

[0011] The information recording apparatus of the present invention will be discussed hereinafter. 
[0012] The above object of the present invention can be also achieved by an infonrratlon recording apparatus tor 
recording Information Into at least a predetermined area of a second recording layer (L1 layer) by laser light which has 
penetrated a penetrated area of a first recording layer (LO layer), with respect to an information recording medium 

35 provided with at least: the first recording layer in which the information can be recorded; and the second recording layer 
in which the information can be recorded, the information recording apparatus provided with; a recording device for 
recording the infomr^ation into a predetermined area in the second recording layer, by using (i) one laser light (44mVV) 
which maintains one feature in which appropriate reproduction quality (a minimum jitter value) can be obtained from the 
second recording iayer if a penetrated area penetrated by the laser iight is in one state (a recorded state), or (il) another 

-40 laser light (46mW) which mamtains another feature m which appropriate reproduction (a minimum jitter value) can be 
obtainedfromthe second recording layer if the penetrated area is in another state (an unrecorded state); and a controlling 
device for controlling the recording device to record the information Into the predetermined area by using the one or 
another laser light, on the basis of a change in a reproduction quality obtained from the second recording layer and 
caused by a fact that a portion In the one state and a portion in the another state are mixed in the penetrated area, 

^5 [0013] Accordmg to the information recording apparatus of the present invention, under the control of the controMing 
device, the recording device records the information into the predetermined area in the second recording layer, by using 
the one or another laser light, on the basis of a change in the reproduction quailty obtained from the second recording 
layer and caused by the fact that the portion in the one state (the recorded state) and the portion in anotiier state (the 
unrecorded state) are mixed in the penetrated area in the first recording layer. 

5<5 [0014] Specifically, even if the one state, which is the most part, and another state, which is the feast part, are mixed 
in the penetrated area, it is possible to record the information into the predetermined area by using the one laser light If 
it is possible to obtain the reproduction quality almost or completely equal to the reproduction quality in the case where 
the penetrated area is all in the one state (or is fully in the one state). On the other hand, even if the one state, which \s 
the least part, and another state, which is the most part, are mixed in the penetrated area, it is possible to record the 

55 information into the predetermined area by using another laser light W it is possible to obtain the reproduction quaHty 
almost or completely equal to the reproduction quality in the case where the penetrated area is all in another state (or 
is fuily in the another state). Therefore, it is possible to almost or completely eliminate an influence of the irregular 
occurrence of the area in the one state or another state in the first recording layer, to thereby ensure an area in which 
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the reproduction quaiity of the information recxDrded in itiis area Is allowed or acceptable, more efficiently. 
[0015] As a result, in the recording operation based on a predetemnined annount (which will described later) which fs 
determined In accordancewiththeacceptabie valueof an amount of change which indicates a change In the reproduction 
quality, for example, the recording area is minimaliy wasted in the first and second recording layers, and the recording 

5 area can be used more efficiently. 

[0016] In one aspect of the information recording apparatus of the present invention, the information recording appa- 
ratus is further provided with a judging device for judging whether or not an unrecorded amount which indicates a size 
of radius of an area in the unrecorded state in the penetrated area Is smaller than a predetermined amount (at which 
the reduction of an asymmetry value can be 2 to 3 % m t^e case of an unrecorded area of 20 tracks, for example) which 

fo indicates a size of radius of an area in the one or another state (e.g. unrecorded state) and which is determined on the 
basis of a change in the reproduction quality obtained from the second recording layer, and the controlling device controls 
the recording device to record the information into the predetennined area by using the laser fight if it is judged that the 
unrecorded amount is smaller than the predetermined amount. 

[0017] According to this aspect, by the judging device, it is judged whether or not the size of radius of an area In the 
15 unrecorded state, In the penetrated area of the first recording layer is smaller than the predetennined amount. The 
"predetermined amount" of the present mvention herein is the size of radius of an area in unrecorded state which can 
exist in the penetrated area, while er^sunng substantially the same reproduction quality as that in the case where the 
penetrated area is al! in recorded state, 

[0018] As a result. It Is unnecessary to temporarily stopthe recording operation to satisfy the recording order, to thereby 
20 reduce a time length required for the recording operation. For example, it is possible to skip the complicated recording 
control process, such as frequently changing the recording power, as much as possible, so that it Is possible to almost 
or completely uniform the reproduction quality of the information recorded in the second recording layer, in the high- 
speed recording, for example. 

[0019] In an aspect associated with the above-mentioned predetennined amount, the predetermined amount Is suf- 
^5 ficiently smaller than laser irradiation radius. 

[0020] According to this aspect, it is possible to define the predetennined amount on the basis of the [aser irradiation 
radius. 

[0021] In an aspect associated with the above-mentioned controHing device, the controiling device may control the 
recording device to record the information into the area in the unrecorded state in the penetrated area if it \s judged that 
30 the unrecorded amount is not smaller than the. predetermined amount. 

[0022] By such construction, It is possible to minimize a waste of the recording area in the first recording layer, in the 
recording operation for appropriately satisfying the recording order, and \t is possible to use the recording area, more 
efficiently, 

[0023] In an aspectassociatedwith the above-mentioned judgingdevlce, It may be constmcted such that the info nrtatlon 
-35 recording medium has a management information recording area in which management infomnation, which manage 
unrecorded state or recorded state per area unit, can be recorded, that the Information recording apparatus is further 
provided with an obtaining device for obtaining the management Information recorded in the management information 
recording area, and that the judging device judges whether or not the unrecorded amount is smaller than the predeter- 
mined amount, on the basis of the size of radius of the area in the unrecorded state in the penetrated area which is 
calculated by the obtained management information. 

[0024] By such construction, the judging device can judge whether or not the unrecorded amount Is smaller than the 
predetermined amount, more accurately and quickly, on the basis of the obtained management information. 
[0025| As a result, it is possible to almost or completely unifonn the reproduction quaiity of the information recorded 
in the second recording layer. In addition, it Is possible to reduce a time length required for the recording operation. 
^5 [0026] Moreover, in an aspect associated with the above-mentioned management information, the information record- 
ing apparatus may be further provided with: a storing device for storing therein the management Information; an updating 
device for updating the stored management information; and another recording device for recording the updated man- 
agement Information Into the management information recording area. 

[0027] By such construction, the management information stored in the storing device is updated by the updating 
so device. Therefore, it is possible to reduce a time length required for the recording operation as a whole, including the 
updating process of the management Information. Then, by said another recording device, the updated management 
information is recorded into the management Infomnation recording area at the same time of or before or after the 
updating. Therefore, it Is possible to reduce a time length required for the recording operation as a whole, including the 
recording process of recording the management information onto the information recording medium. 
5& [0028] In an aspect associated with the above-mentioned predetermined amount, the predetermined amount (e.g. 
20tracks) may be expressed by a data amount with a radial position in the first or second recording layer as a parameter, 
[0029] By such construction. It is possible to almost or completely eliminate an influence of a change in the data 
amount per unit length, on the inner and outer circumferential sides of the Information reconJing medium in a disc shape. 
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for example. 

[0030] In an aspect associated with the above-mentioned predetemnined annount, it may be constructed such that the 

predetennmed amount can be determined on the basis of at least one of {1} optical properties and recording features 
per an indEvidual of the rnformation recording medium, and ((i) vanatron of optical properties and recording features in a 
5 recording area of one Information recording medium, and optical properties and (iii) recording features of the information 
recordmg medium influenced by various performances of the information recording apparatus. 

[&031] By such construction, it is possibfe to make the recorcfing operation more highly accurate, by using the prede- 
termined amount determined on the basis of various factors. 

[0032] Moreover, irs an aspect associated with the above-mentioned optical properties and recording features, it may 
10 be constructed such that the recording device or the controlUng device includes an optical pickup, and that the optical 
properties and the recording features of the information recording medium influenced by the various perfomnances of 
the information recording apparatus are determined on the basis of (i) a numerical aperture (NA) of an objective lens 
owned by the optical pickup, (ii) a refractive mdex of a middle area which exists between the first recording layer and 
the second recording layer, and (iii) a laser irradiation diameter in the first recording layer if the laser light is focused on 
^5 the second recordmg layer, 

[0033] By such construction, it is possible to make the recording operation more highly accurate, by using the prede- 
termined amount determined on the basis of the optical properties and the recording features of the information recording 
medium, which are influenced by various performances of the infomriation recording apparatus. 

[0034] in another aspect of the information recording apparatus of the present invention, a spiral or concentric first 
^ track (which can display a relationship between an address and a radial position in the first recording layer) is formed 
to record the information in the first recording layer of the information recording mediurn, and a spiral or concentric 
second tmck (which can display a relationship between an address and a radial position in the second recording layer) 
is formed to record the information in the second recording layer, the second track sharing a rotation center with the first 
track, and the controlling device controls the recording device to record the information, while setting a radial position 
^ of the predetermined area, with a predetermined margin included in a radial position of the penetrated area. 

[0035] According to this aspect, under th© controi of the control ling device, the recording device records the information 
into the first recording layer, along the spirai or concentric first track which can display the relationship between the 
address and the radial position in the first recordmg layer. Simultaneously, or before or after that under the control of 
the controlling device, the recording device records the information into the second recording layer, along the spirai or 
3o concentric second track which can display the relationship between the address and the radial position in the second 
recording layer. 

[0036] Specffically, the first track may be directedfrom one side to the other side out of the innerand outer circumferential 
sides of the first or second recording [ayerin a disc shaped, for example, provided for the information recording medium. 
On the contrary, the second track may be directed from the other side to the one side. In other words, in the two-layer 

35 type or multilayer t)^e information recordmg medium, continuous recording can be performed In an "opposite method* 
in which tracks for recording are in opposite directions in two r^ording layers. Therefore, if the recordmg is continuously 
performed from the end edge of the first recording layer to the start edge of the second recording layer, It is hardly or 
not necessary to change at all the irradiation position of the laser light on the substrate surface, in the radial direction, 
in changing the recording layer targeted for an information recording process or reproduction process. Thus, it is possible 

^ to perform quick layer jump (i.e. layer changing operation). This ^s extremely useful in practice, in the point that it facilitates 
uninterrupted reproduction without a special buffer function to change the recording layer, in recording the continuous 
record information, such as a movie, for example. 

[0037] Alternatively, the first recording track may be directed from one side to the other side out of the above-mentioned 
inner and outer circumferential sides, and the second recording track may be also directed from the one side to the other 

^5 side, as in the first recording trad<. In other words, in the two-iayer type or muitifayer type information recording medium, 
the continuous recording can be performed in a "parallel method" in which the recording tracks are in the same direction 
in the two recording layers. In the parallel method, if the recording or reproduction is ended m the first recording layer, 
an optical pickup, located on the most outer circumference, needs to be displaced to the most inner circumference again 
when the recording or reproduction is started in the second recording layer Thus, as compared to the opposite method 

so descfibed above, it takes more time to change the first recording layer to the second recording layer, by that much, 

[0038] In particular, according to this aspect, under the control of the controlling device, the recording device records 
the information, while setting the radial position of the predetermined area, withlhe predetermined margin included in 
the radial pDs^tlo^ of the penetrated area. 

[0039] As a result, in the recording operation in view of the predetermined margin to appropriateiy satisfy the recording 
55 order, the recording area is minimally wasted in the predetermined area in the second recording layer, and the recording 
area can be used more efficiently. 

[0040] In an aspect associated with the above-mentioned margin, a margin amount which indicates a size of the 
predetenmined marigin may be determined on the basis of at least one of (i) a dimensional error held by each of the first 
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10 



recording layer and the second recording layer, (li) an eccentric amount caused by a pasting error in the first recording 
layer and the second recording layer, and (iii) an irradiation position error which indicates a drfference between a 
second irrad'^affon position for indicating a radiaJ position of a focus point in the second recording layer and {111-2) a first 
irradiation position for indicating a radial position of an edge of the penetrated area which Is irradiated with the laser light 
not ID focus thereon, when the laser Rght is irradiated to focus on the second recording layer. 

[0041] By such construction, it is possible to further reduce an influence of various relative shifts, on the basis of the 
predetermined nnargln. 

[0042] As a resuJt, rt is possible to set the radial position of the predetennined area in the second recording layer, 
more appropriately, while the recording order is appropriately satisfied. Thus, the recording area is mlnimaiiy wasted in 
the predetermined area, and the recording area can be used, more efficierrtly. 
[0043] In another aspect of the information recording apparatus of the present invention, the recording device (i) 
records the information into a first recording area in the second recording layer by the laser light which go through a 
recorded area in the first recording layer, based on one reproduction quality, and (ii) records the information into a second 
recording area in the second recordmg layer by the laser light which go through an unrecorded area in the first recording 
^5 layer based on another reproduction quality which fs substantially same as the one reproduction quality. 

[0044] According to this aspect, it is possible to reduce a time length required for the reproducing control operation 
on the f^rst recording area and the second recording area in the second recording layer. For example. It is possible to 
skip the complicated reproducing control process, such as frequently changing the reproducing power. 
[0045] In anolt^er aspect of the information recording apparatus of the present Invention, the reproduction quality is 
20 represented by at least one of an asymmetry value, a jitter value, and a reproduction error rate. 

[0046] According to this aspect, the reproduction quaHty is represented by the asymmetry value and the like, by which 
it is possible to set the predetemilned area in the second recording layer, more highly accurately and appropriately. 
[0047] As a result, the recording area is minimally wasted m the predetemnined area, and the recording area can be 
used, more efficiently. 

25 [0048] In another aspect of the information recording apparatus of the present invention, the predetermined amount 

is substantially 20 tracks. 

[0049] According to this aspect, It is possible to define the predetemnined amount more accurately, on the basis of 20 
tracks. 

30 (Information Recording Method) 

[0050] The information recording method of the present invention wiH be discussed hereinafter. 

[0051] The above object of the present mvention can be also achieved by an information recording method in an 

information recording apparatus for recording information into at least a predetemnined area of a second recording layer 

35 (L1 layer) by laser light which has penetrated a penetrated area of a first recording layer (LO layer), with respect to an 
mformation recording medium comprising at least: the first recording layer in #hich the information can be recorded; 
and the second recording layer in which the information can be recorded, said infomiation recording method comprising: 
a recording process of recording the information in the first recording layer or the second recording layer; a judging 
process of judging whether or not an unrecorded amount which indicates a size of radms of an area in an unrecorded 

^'^ state in the penetrated area is smaller than a predetermined amount; and a controlling process of controlling said 
recording device to record the information into the predetermined area if It is judged that the unrecorded amount is 
smaller than the predetermined amount 

[0052] According to the information recording method of the present invention, it is possible to receive the various 

benefits owned by the above-mentioned Information recording apparatus of the present invention. 

[0053] Incidentally, In response to the various aspects of the infomnation recording apparatus of the present invention 

described above, the information recording method of the present Invention can adopt various aspects, 

(Computer Program) 

50 [0064] The computer program of the present invention will be discussed hereinafter. 

[0065] The above object of the present invention can be also achieved by a computer program of instructions for 
recording control and for tangibly embodying a program of instructions executable by a computer provided in the above- 
menlioned information recording apparatus of the present invention (including Its various aspects), to make the computer 
function as at least one portion of the recording device, the judging device and the controiUng device. 
[0056] According to the computer program of the present invention, the above-mentioned information recording ap- 
paratus of the present invention can be relatively easily realized as a computer reads and executes the computer program 
from a program storage device, such as a ROM, a CD-ROM, a DVD-ROM. and a hard disk, or as it executes the computer 
program after downloading the program through a communication device. 
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[0057] Incidentally, in response to the various aspects in the information recording apparatus of the present invention 
described above, ti^e computer progrann of the present invention can adopt various aspects. 

[0068] The above object of the present invention can be a!so achieved by a connputer program product in a computer- 
readable medium for tangJbiy em bo dying a program of instructions executable by a computer provided in the above- 
5 mentioned Information recording apparatus of the present invention (including its various aspects), to make the computer 
function as at least one portion of the recording device and the controlling device. 

[0059] Accordingto the computer pro gram product of the present Invention, the above-mentioned information recording 
apparatus can be embodied relatively readily, by loading the computer program product from a recording medium for 
storing the computer program product, such as a ROM (Read Only Memory), a CD-ROM (Compact Disc - Read Only 
^0 Memory), a DVD-ROM (DVD Read Only Memory), a hard disk or the like, Into the computer, or by downloading the 
computer prog ram product, which may be a carrier wave, into the computer via a communication device. More specifically, 
the computer program product may include computer readable codes to cause the computer (or may comprise computer 
readable instructions for causing the computer) to function as the above-mentioned information recording apparatus, 

^5 These effects and other advantages of the present invantion vjrijl^become more apparent from the f oKowlncg embodiments. 

[0060] As explained above, according to the Information recording apparatus of the present invention, It is provided 
with: the recording device; and the controliing device. According to the information recording method of the present 
invention, it is provided with: the recording process; and the controlling process. Therefore, in the recording operation 
^ to appropriately satisfy the recording order, the recording area is minimally wasted in the first recording layer and the 
second recording layer, and the recording area can be used more efficiently. 

[0061] Moreover, according to the computer program of the present invention, it makes a computer function as the 

above-mentioned mformation recording apparatus of the present Invention, so that it enables the information recording 
apparatus to minimize a waste of the recording area in the first recording layer and the second recording layer and to 
25 use the recording area more efficiently. 

Brief Descnption of Drawings 

[0062] 

30 

[FIG. 1 ] FIGs. 1 are a substantial plan view (FIG, 1 (a)) showing the basic structure of an optical disc having a plurality 
of recording areas, in an embodiment of the information recording medium of the present invention, and a schematic 
cross sectional view of the optical disc and a corre^onding conceptual view (FIG. 1 (b)) showing a recording area 

structure in the radial direction. 

35 [^^^3. 2] FIGs. 2 are a graph (FIG. 2(a)) showing one specific example of a relationship between an address and a 

radial position in an LO layer and an L1 layer, which are related to the first recording layer and the second recording 
layer of the present invention, respectively, and a graph (FIG- 2(b)) showing anotiier specific example. 
[FIG, 3] FfG. 3 Is a table schematicaHy showing a apace bitmap, which is one specific example of the management 
information of the present invention. 

40 [FIG. 4] FIGs, 4 are a schematic diagram (FIG. 4(a)) conceptually showing a dimensional error held by each of the 

LO layer and the LI layer, which are respectively related to the first recording layer and the second recording layer 
of the present invention, and a schematic diagram (FIG. 4(b)) conceptually showing an eccentric amount caused 
by a pasting error in the LO layer and the L1 layer. 

[FIG. 5] FIG. 5 is a schematic diagram conceptuaHy showing an irradiation diameter where laser light is irradiated 
45 in the L1 layer which \s related to the second recording layer, and an Irradiation diameter where the laser light is 

irradiated in the LO layer, which is related to the first recording layer. 

[FIG. 6] FIG. 6 is a block diagram showing the basic structures of an information recording / reproducing apparatus 

m an embodiment of the information recording apparatus of the present invention, and a host computer. 
[FIG. 7] FIG. 7 is a flowchart showing a recording operation by the information recording / reproducing apparatus, 
50 according to the embodiment of the infomnation recording apparatus of the present invention, 

[FIG. 8] FIG. 3 Is a schematic diagram showing a predetermined amount of the present invention and a position 
relationship between the LO layer and the LI layer 

[FIG. 9] FIGs. 9 are waveform diagrams showing a relationship between the predetermined amount of the present 
invention and reproduction quality, such as an asymmetry value. 
55 [FIG. 10] FIG. 10 IS a graph showing a specific example of the relationship between the predetermined amount of 

the present invention and the reproduction quality, such as an asymmetry value. 

[FIG, 1 1] FiGs, 11 are a schematic diagram (FIG. 1 1 (a)) showing a recording area In the case where two predeter- 
mined areas 1 2a and 1 ^ are formed by the recordmg order If there is a small unrecorded area in the LO layer in a 
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ccKnparison example, and a schematic dJagram (FIG. 11(b)) showing a recording area in the case where one 
predetermined area is formed by the recording order on Ihe basis of the predetenmined amount of the present 
jnvention determined in accordance with the acceptable value of an amount of change which indicates a change in 
the reproduction quality. 

[FIG. 12] FIGs. 12 are schematic diagrams (FIG. t2(a) and FIG, 12(b)) conceptuaiiy showing the recording order 
of the present invention, and a graph (FIG. 12(c)) numerically showing the recording order, 
[FIG. 13] FIG. 13 is a schematic diagram showing probJems in the comparison example. 

Description of Reference Codes 

[0Cm3] 



11 


penetrated area 


12 


predetermined area 


100 


optical disc 


101 


lead-in area 


102 


data area 


103 


lead-out area 


104 


middle area 


300 


information recording / reproducing apparatus 


302 


signal recording / reproducing apparatus 


306 


CPU (drive control device) 


LB 


laser light 


CDZ 


control data zone 



25 

Best Mode for Carrying Out the invention 

[0064] Hereinafter, the best mode for carrying out the present invention wtl! be discussed in orderfor each embodiment, 
with reference to the o^awmgs, 

30 

(1 ) Informalion Recording IVIedium 

[0065] At first, with reference to FIGs. 1 to FIG. 5, the embodiment of the information recording medium of the present 
invention wiJl be discussed m detail. 
35 [0066] Incidentaliy, in an optical disc in the embodiment, an opposite method Is applied, as one specffic example of 

a recording method, in which the track path of the LO iayer which constitutes one example of the "first track" of the present 
invention and the track path of the L1 layer which constitutes one example of the "second track" of the present invention 
have opposite recording directions. Moreover, it is obvious that a parallel method may be also applied in the embodiment. 
[0067] Moreover, the recording power of the laser light in the embodiment is an optimum recording power in the case 
^ where !^e Li layer is irradiated with the laser light through the recorded LO layer. In the present invention, however, it 
is obvious that the recording power of the laser light may be an optimum recording power in the case where the L1 iayer 
is irradiated with the laser light through the unrecorded LO layer which has different tight transmittance from that of the 
recorded LO layer. 

^5 (1 -1) Basic Structure 

[00661 At first, with reference to FIG. 1 (a) and FIG. 1 (b), the basic structure of an optical disc according to the embod- 
iment of the recording medium of the present invention will be discussed, FIG. 1 (a) is a substantial plan view showing 
the basic structure of an optical disc having a plurality of recording areas In the embodiments of the information recording 
50 medium of the present invention, and FIG, 1 (b) is a schematic cross sectional view of the optical disc and a corresponding 
conceptual diagram showing a recording area structure in the radial direction. 

[0069] As shown in FIG, 1(a) and FIG. 1(b), an optical disc 100 has a recording surface on a disc main body with a 
diameter of about 12 cm, as is a DVD. On the reconding surface, the optical disc 100 is provided with: a lead-in area 
1 01 or a lead-out area 1 03; a data area 1 02; and a middle area 1 04, with a center hole 1 as the center. Then, for example, 
^ on a transparent substrate 106 of the optical disc 100, there are laminated recording layers, such as an LO layer and an 
LI layer- In each recording area of the recording layers, tracl<s 10, such as groove tracks and land tracks, are alternately 
placed, spirally or concentrically, with the center hole 1 as the center. On the track 10, data is divided and recorded by 
a unit of EGG block n. The ECC block 11 is a data management unit by which record Information is error-correctable. 
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|0070] In particular, the lead-in area 1 01 Is provided with a control data zone CDZ which constitutes one example of 
the "management information recording area" of the present invention. The "management information" of the present 
rnvention ts recorded into the control data zone CDZ, Incidentally, the management infomiatton will be discussed later. 
[0071] Incidentatly, the present invention is not particularly limited to the optical disc having these three areas. For 

5 exampie, even if the lead-in area 101, the lead-out area 103 or the middle area 104 does not exist, a data structure 
explained beiow can be constructed. Moreover, as described later, the lead-in area 101, the iead-out area 103 or the 
middle area 104 may be further segmentized. 

[0072] The optical disc 100 in the embodiment, as shown in FIG. 1(b), has such a structure that the LO layer and the 
L1 layer, which constitute one example of the "first and second record layers" of the present invention as descried later, 
respectively, are laminated on the transparent substrate 106. Upon the recording / reproduction of such a two-layer type 
optical disc 100, the recording / reproduction in the LO layer or the LI layer is -performed, depending on which recording 
layer has the focus position of laser light LB. irradiated from the lower side to the upper side in FIG. 1 (b). Moreover, the 
optical disc 100 in the embodiment \s not limited to a two-layer single sided type, i.e., a dual layer type, but may be a 
two-layer double sided type, Le., a dual layer double sided type. Furthermore, the optical disc 1 00 in the embodiment 
15 is not limited to the optical disc having the two recording layers, as described above, but may be an optica( disc of a 
multilayer type which has three or more layers. 

• [0073] Incidentally, a recording / reproducing procedure in the opposite nnethod on the two-layer type opt'tcal disc and 
the like will be discussed later. 

20 (1 -2) Address and Radial Position 

[0D74I Next, with reference to FIGs. 2, an address and a radial position on a two-layer type optical drsc according to 

the embodjment of the information recording medium of the present invention will be discussed. FfGs. 2 are a graph 
(FIG. 2(a)) showing one specific example of a relationship between the address and the radial position in the LO layer 
^ and the L1 layer, which are related to the first recording layer and the second recordmg layer of the present invention, 
respectively, and a graph (FIG. 2(b)) showing another specific example. Incidentally, the horizontal axis in FIG. 2(a) and 
FIG. 2(b) indicates a position in the radial direction, and the vertical axis indicates an address, 

[0075] As shown In F!G. 2(a) and FIG. 2(b), in one and another specific examples of the relationship between the 
address and the radial position in the LO layer and the LI layer, which are related to the first recording layer and the 

so second recording layer of the present rnvention, respeclivety, the relationship between the address and the radial position 
is defined on the basis of the opposite method. The opposite method herein is, more specifically, such a method that 
the optical pickup of an information recording / reproducing apparatus described later is displaced from the inner to the 
outer circumferential side, I.e. in the nght direction of an arrow ARC in FIG. 2(a) and FIG. 2(b), in the LO layer as the 
recording or reproducing procedure of the two-layer type optical disc, while the optical pickup is displaced from the outer 

35 to the Inner circumferential side, i.e. in the left direction of an arrow AR1 in FIG, 2(a) and FIG. 2(b), in the L1 layer, to 
thereby perform the recording or reproduction on the two-layer type optical disc. In the opposite method, if the recording 
or reproduction is ended in the LO layer, the optical pickup, Jocated on the most outer circumference, does not need to 
be displaced again to the most inner circumference when the recording or reproduction is started in the L1 layer^ and it 
is only necessary to change the focal distance from the LO layer to the L1 layer. Thus, there is an advantage that a 

^ changing time from the LO layer to the L1 layer is shorter than that in the parallel method. This is why the opposite 
method is broadly adopted in the recording of large volumes of content information. 

(1 -2-1) Increasing Address and Radial Position 

'^s [0076] In one specific example of the relationship between the address and the radial position in the LO layer and the 
L1 layer, which are relatedto the first recording layer and the second recording iayerof the present invention, respectively, 
the address increases in the address system based on the above-mentioned opposite method, incidentally, In one 
specific example, the laser light LB is irradiated from the lower side to the upper side, and the transit of the address in 
the layer is illustrated in a straight Wne in the lower part, and the transit of the address h the L1 layer is illustrated in a 

50 straight }ine in the upper part. 

[0077] Specifically, as shown in FIG, 2(a), at first, in the LO layer, as the laser light irradiated from the optical pick up 
is displaced in the lead-in area 101-0, the data area 102-0, and the middle area 104-0, from the inner to the outer 
circumferential side, the address in the recording area of the optical disc 1 00 increases. More specifically, the focal point 
of the laser light is displaced to the outer circumferential side from the start position (an A point in FIG. 2(a)) of the data 

55 area 1 02-0 in the LO layer with an address of "OSOOOh" and at a radial position of "24 (mm)". Then, the focal point of the 
laser light is displaced to the end position (a B point in FIG. 2(a)) of the data area 1 02-0 In the LO *ayer with an address 
of "22EF6h" and at a radial position of "58.1 (mm)", to thereby record or reproduce the information recorded in the data 
area 1 02-0 in the LO layer 
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[0078] On the other hand. In the L1 layer, the laser Tight is dlsp^ced In the middle area 104-1 , the data area 102-1, 
and the lead-out area 103-1 from the outer to the inner circumferential side, the address in t^e recording area of the 
opticaf disc 100 increases. More specifically, the tocal point of the laser light is displaced to the inner circumferential 
side from the start position (a D point in FIG. 2(a)) of the data area 1 02-1 in the LI layer with an address of "FDD1 09h" 
and at a radial position of "58.1 (mm)^ Then, the focal point of the laser light Is displaced to the end position (a C point 
in FIG. 2(a)) of the data area 102-1 in the L1 layer with an address of "FFCFFFh" and at a radial position of "24 (mm)^ 
to thereby record or reproduce the information recorded in the data area 1 02-1 in the L1 layer. 

(1 -2-2) Decreasing Address and Radial Position 



[0079] In another specific exmipJe of the relationship between the address and the radtai position in the LO layer and 
the L1 layer, which are related to the first recording layer and the second recording layer of the present invention, 
respectively, the address decreases in an address system based on the above-mentioned opposite method. Incidentally, 
in another specific example, the laser light LB Is irradiated from the upper side to the lower side, and the transit of the 
T5 address in the LO layer is Illustrated In a straight line in tine upper part, and the transit of the address in the L1 layer is 
Hlustrated in a straight line in the lower part. 

[0080] Specifically, as shown in FIG. 2(b), at first, in the LO layer, as the laser light irradiated from the optical pickup 
IS displaced in the lead-in area 101-0, the data area 102-0, and the middle area 104-0, from the inner to the outer 
circumferential side, the address m the recording area of the optical disc 100 decreases. More specifically, the focal 

20 point of the laser light is displaced to the outer circumferential side from the start position (an A point in FIG. 2(b)) of the 
data area 102-O'm the LO layer with an address of *'FFCFFFh" (expressed m hexadecimal numeral) and at a radial 
position of "24 (mm)". Then, the focal point of the laser light is displaced to the end position (a B point in FiG. 2(b)) of 
the data area 102-0 in the LO layer with an address of "FDD109h" and at a radial position of "58.1 (mm)', to thereby 
record or reproduce the information recorded in the data area 102-0 In the LO layer. 

25 [0081] On the other hand, in the L1 layer, the laser light is displaced in the middle area 104-1, the data area 102-1, 
and the lead-out area 103-1. from the outer to the inner circumferential side, the address in the recording area of the 
optical disc 100 decreases. More spedficaify, the focal point of the laser light is displaced to the inner circumferential 
side from the start position (a D point In FIG, 2(b)) of the data area 102-1 in the Li layer with an address of *22EF6h" 
and at a radial position of "58.1 (mm)". Then, the focal point of the faser light is displaced to the end position (a C point 

30 in FIG. 2(b)) of the data area 1 02-1 in the L1 layer with an address of "OSOOOh" and at a radial position of "24 (mm)", to 
thereby record or reproduce the information recorded in the data area 102-1 in the LI layer. 

[0082] Incidentally, the value of the address at a point at one radial position m the LO layer, related to the first recording 
layer of the present invention, and the value of the address at a point at one radial position the Li layer, related to ^e 
second recording layer of the present invention, have such a relationship that bits are Inverted to each other, i.e. a 
^ complement number relationship. Moreover, in the present Invention, the complement number relationship Is defined 
by a function of "Inv(x)" which indicates a complement number, as described later Moreover, as one specific example 
of the address in the LO layer and the LI layer, an ECC block address, which is used as a land pre pit (LPP) address, 
for example, is applied; however, rt Is obvious that a so-cafled sector number may be affiled. 

^ (1 -3) One Specific Example of Management Information 

[0083] Next, with reference to FiG. 3, one specific example of the management information of the present invention 
will be discussed. FIG, 3 is a table schematically showing a space bit map, which is one specific example of the man- 
agement information of the present invention. 

^5 [0084] As shown in F*G. 3, the space bit map, which is one specif example of the management information of the 
present invention. Is provided with: an address; and a flag which indicates the recorded state or the unrecorded state. 
[0085] Specifically, a f(ag "1" which indicates the recorded state is set in an area with addresses of ''OSOOOh" to 
"03FFFh". Moreover, the flag *r which indicates the recorded state Is also set In an area with addresses of '*04000h'' 
to *'04FFFh*^ and an area with addresses of "21000h*' to •^21FFFh" 

so [0086] On the other hand, a flag "O" which indicates the ur^recorded state Is set In an area wifh addresses of "22000h" 
to ^*22FFFh^ an area with addresses of "FDEOOOh" to "FDEFFFh*, and an area wHh addresses of ^'FFCOOOh" to 
"FFCFFFh\ 



(1 -4) Relative Shift 

[0087] Next, three types of specific examples of a relative shift caused on the two-layer type optical disc provided with 
the LO layer and the LI layer, which are related to the first recording layer and the second recording layer of the present 
invention, respectively, will be discussed with reference to FIGs. 4 and FIG. 5, FlGs. 4 are a schematic diagram (FIG. 
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4(a)) conceptually showing a dimensional error held by each of the LO iayer and the L1 layer, which are related to the 
ffrst recording iayer and the second recording layer of the present invention, and a scheniatfc diagran^ (PSG. 4(b)) 
conceptuaily showing an eccentric amount caused on the basis of a pasting error in the LO layer and the Ll layer. FfG. 
5 is a schennatic diagram conceptuaify showing an irradiation dianneter where laser light is irradiated in the Li layer, 
5 which is related to the second recording layer, and an irradiation diameter where the laser light is irradiated in the LO 
layer, which is related to the first recording layer 

[0088] At first, with reference to FIQs. 4, the "dimensional error (or measuring error)" and the "eccentric amount" of 
the present invention wiil be discussed. 

10 (1 -4-1) Dimensional Error 

[0089] As shown in FIG, 4(a), each of the LO layer and the L1 layer, which constitute the two-layer type optbal disc, 
holds the dimensional error, as the relative shift. The "dimensional error" herein is an error between the address and 
the radial position held by each of the LO layer and the LI ^ayer independently of each other, and it is an amount caused 
1S as the deviation between an absolute radial position at a reference address In the LO layer and an absolute radial position 
at a reference address m the LI layer, when the LO layer and the LI layer are pasted. 

[0090] Specifically, the dimensional error is caused by each of the various processes which constitute a manufacturing 
process. In other words, the LO layer and the Ll layer are mantifactured by the injection mofding of resin materials in a 
stampa which is prepared on the basis of an original disc produced by a cutting machine. Therefore, (i) there is a 

^ possibility that the original disc Itself holds a radial error due to the error of the radial position of the cutting machine and 
the variations of the track pitch, or the \ike, in producing the original disc, (li) There is a possibility that the individual 
difference of the optical disc other than its acceptable range or tolerance may be the radial error in thermal contraction 
upon the injection molding, (iii) Since the LO layer and the Ll layer are separately prepared by different stampas, there 
is a possibility that the deviation of a track pitch in each recording layer may be included. 

^5 [0091] Specifically, a dimensional errortol is expressed by a difference between the radial position of the.start position 
(A point) of the data area 102-0 In the LO fayer with the address of "03000h'\ shown in FIG. 2(a) described above, and 
the radial position of the end position (C point) of the data area 102-1 in the Ll layer with the address of "FF=CFFFh" and 
at the radial position of *'24mrn". Then, the acceptable range or tolerance of the dimensional errortol is equal to or less 
than "20 p.m" in the positive direction or in the negative direction, in the LO layer, and it is also equal to or less than "20 

30 fxm* in the positive direction or in the negative direction, in the Ll layer. Thus, that means it is allowed to hold it by "40 
ftm* in total, \n each individual of the two-layer type optical disc. 

(1-4-2) Pasting Error (Eccentric Amount) 

35 [0092] As shown in FIG. 4{b), in the two-iayer type optical djsc, there is a possibility that an eccenbic amount due to 

an error in pasting the LO layer and the L1 layer, i,e. a so-called pasting error, is caused, as the relative shift. The 
"eccentric amount" herein Is unrelated to the dimensional error held by each of the LO layer and the L1 layer, and it is 
an amount caused as the deviation between an absolute radial position at a reference address in the LO layer and an 
absolute radial position at a reference address in the Ll layer, when the LO layer and the L1 layer are pasted. 

40 [0093] Specifically, an eccentric amount ro is expressed by a difference between the radia! position of the start position 
(A point) of the data area 102-0 in the LO layer with the address of "03000h", shown in FIG. 2(a) described above, and 
the radial position of the end position (C point) of the data area 102-1 in the L1 layer with the address of "ppCFFFh" and 
at the radial position of "24mm'\ Then, the acceptabfe range or tolerance of the eccentric amount ro is equal to or less 
than "20 |xm" in the positive direction or in the negative direction, in the LO iayer, and it is equal to or less than "30 |xm" 

45 in the positive direction or in the negative direction, in the L1 layer. That means it is allowed to hold It by *'50jLtm" In total, 
in each individual of the two-layer type optical disc. 

[0094] As a result, It can be said that there is a possibility that the deviation between the absolute radial position at 
the reference address in the LO layer and the absolute radral position at the reference address In the Ll layer, may take 
a value of "90 ^m*' in the positive direction or in the negative direction, on the basis of the two types of relative shifts 
^0 caused on the two-sayer type optical disc provided with the LO layer and the Ll layer described above. 

(1-4-3) Laser Irradiation Diameter 

[0095] As shown in FIG. 5, the "laser light diameter" of the present invention will be discussed. 
55 [0096] As shown in FIG. 5, in the two-layer type optical disc, the laser Irradiation diameter varies in the LO layer and 
the Ll layer due to the fact that the beam shape of the laser light is a cone. The "laser irradiation diameter db'* herein 
is a diameter of an area in which the LO layer is irradiated with the laser light defocused when the laser light is focused 
on the L1 layer {C point). Incidentally, from the radial position of the *C point" which is the focus point to the radial position 
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of the ''A point" indicates the radius of the laser irradiation diameter. !n particular, the laser irradiation diameter dD is 

expressed by the following equation (10). 

[Q0971 

5 

db =^ 2 X L X taiKsin - l(NA/n)> (lO) 



wherein, 

10 

L : thickness of a middle layer (a layer inserted between the LO layer and the L1 layer) 
NA: numencal aperture in optical system 
n : refractive index 

15 E^098] Incidentally the function (sin-1) is a reverse function of (sin). 

[0099] More specifically, the laser irradiation diameter db is calculated on the basis of (i) the numericai aperture (NA) 
of the laser light, (ii) the refractive index of the middle area which exists between the LO layer and the L1 layer, and (iii) 
the thickness of the middle area which detemnines the interlayer distance of the LO layer and the L1 layer. 

^ (2) ]nformation Recording Apparatus of Present Invention 

[01 00] Next, with reference to FIG. 6 to FIG, 9, detailed explanation will be given to the basic structure and the operation 
pnnciple of the infoimation recording apparatus in the embodiment of the present invention. Particularly, in the embod- 
iment, the information recording apparatus of the present invention is applied to an information recording / reproducing 

25 apparatus for the optical disc, 

(2-1) Basic Structure - 

[0101] At first, with reference to FfG, 6, the basic structure of an information / reproducing apparatus 300 according 
30 to the embodiment of the information recording apparatus of the present invention, and a host computer 400 will be 
discussed. FIG. 6 is a block diagram showing the basic stt'uctures of the information recording / reproducing apparatus 
according to the embodiment of the mfonmation recording apparatus of the present invention, and the host computer. 
Incidentally, the information recorcling / reproducing apparatus 300 has a function of recording the record data onto the 
optical disc 100 and a function of reproducing the record data recorded on the optical disc 100. 
35 [0102] With reference to FIG. 6, the inner structure of information recording / reproducing apparatus 300 will be 
discussed. The information recording /reproducing apparatus 300 is an apparatus for recording the information onto the 
optical disc 100 and reading the information recorded on the optical disc 100, under the control of a CPU (Central 
Prccassing Unit) 305 for the drive. 

[0 :?3] The information recording / reproducing apparatus 300 is provided with: the optical disc 1 00; an optical pickup 
30 < , a signal recording /reproducing device 302; an address detection device 303; an address operation device 304; 
the CPU (drive control device) 305; a spindle motor 306; a memory 307; a data input / output control device 308; and a 
bus 309. 

[0104] The host computer 400 is provided with: a CPU (host control device) 401 ; a memory 402; an operation control 
device 403; an operation button 404; a display panel 405; a data mput / output control device 406; and a bus 407. 

45 [0105] !n particular, the informatioii recording / reproducing apparatus 300 may be constructed to communicate with 
an external network by containing the host computer 400 having a communication device, such as a modem, in the 
same housing. Alternatively, the CPU (host control device) 401 of the host computer 400 having a communication device, 
such as an i-iink, may directly control the information recording / reproducing apparatus 300 through the data input / 
output control device 308 and the bus 309, to thereby communicate with the external network. 

50 [0106] The optical pickup 301 is to perfom^ the recording / reproduction with respect to the optical disc 100, and is 
provided with a semiconductor laser device, a lens, and the like. More specifically, the optkiai pickup 301 in-adiates the 
opticai disc 100 with a light beam, such as a laser beam, as reading light with a first power upon reproduction, and as 
writing light with a second power upon recording, with it modulated, 

[0107] The signal recording / reproducing device 302 controls the optical pbkup 301 and the spindle motor 506, to 
55 thereby perform the recording /reproduction with respect to the optical disc 100, JVlore specifically, the signal recording 
/ reprodudng device 302 is provided with: a laser diode (LD) driver; a head amjirfifier; and the like, for example- The laser 
diode driver (LD driver) drives a not-illustrated semiconductor laser device located In the optical pickup 301 . The head 
arripiiiier amplifies the output signal of the optical pickup 301, i.e. the reflective light of a light .beam, and outputs the 
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amplified signal. More specifically, the signal recording / reproducing device 302 drives the not-illustrated semiconductor 
laser device located in the optical pickup 301. in order to determine an optimum laser power by the recording and 
reproduction processes for an OPC (Optimum Power ControO pattern, together with a not- illustrated timing generator 
or the ^ike, under the control of the CPU 305, upon an OPC process. In particular, the signal recorcling / reproducing 
5 device 302 constitutes one exampleof the "recording device" of the present invention, together with the optical p]ckup301 . 
f0108l The address detection device 303 detects an address (address information) on the optical disc 100, from a 
reproduction signal including a pre-format address signal or the like and outputted by the signal recording /reproducing 
device 302. Moreover, the address detection ctevice 303 maybe constructed to detect tiie offset infomiation pre-recorded 
m the control data zone. 

[0109] The address operation device 304 performs an operation or calculation, such as adding or subtracting the 
address offset vaiue, with respect to the detected address. 

[0110] The CPU (drive control device) 305 controls the entire information recording / repnsducing apparatus 300 by 

giving an instruction to various controlling devices, through the bus 309- in particular, the CPU 305 determines the 
location of various recording areas, on the basis of the address operated or cabufated by the address operation device 
15 304 Then, the CPU 305 controls the signal recording / reproducmg device 302 to record various record information into 
the determined various recording areas. Moreover, software or firmware for operating the CPU 306 is stored In the 
memory 307. In particular, the CPU 30S \s one example of the "controlling device" of the present invention. Moreover, 
the CPU 305 may control various devices through a DSP (Digital Signal Processor). 

[0111] The spindle motor 306 is intended to rotate and stop the optical disc 100, and operates upon accessing the 
^ optical disc. More specifically, the spindle motor 306 is constructed to rotate ar^d stop the optical disc 100 at a prede- 
termined speed, under spmdle servo from a not-iliustrated sen/o unit or the like. 

[0112] The memory 307 is used in the whole data processing and the OPC process or the like on the information 

recording / reproducing apparatus 300, including a buffer area for the record / reproduction data, an area used as an 
intermediate buffer when data is converted into the data that can be used on the signal recording / reproducing device 

25 302, and ^e like. Moreover, the memory 307 is provided with: a ROM area into which a program for performing an 
operation as a recording device, i.e. firmware, is stared; a buffer for temporary storage of the record / reproduction data; 
a RAM area into which a parameter required for the operation of a firmware program or the like is stored;- and the like. 
In particular, the above-mentioned offset amount (shift amount), and the offset information about the address offset 
vaiue orthe like calculated on the basis of the offset amount (shift amount) may be stored (memorized) in the memory 

30 307. In partbular, the memory 307 (402) constitutes one example of the "storing device" for storing therein the "man- 
agement information" of the present invention s 

[0113] The data input / output control device 308 controls the input / output of the data from the exteiior with respect 

to the infomnation recording /reproducing apparatus 300, to thereby perform storage to and export from the data buffer 
on tiie memor/ 307. A drive control command issued from the external host computer 400 (hereinafter referred to as a 
35 '*host", as occasion demands) connected to the information recording / reproducing apparatus 300 through an interface, 
such as a SCSI and an ATAPf, is transmitted to the CPU 305 through the data Input /output control device 308, Moreover, 
the record / reproduction data is also transmitted and received with respect to the host computer 400 through the data 
input / output control device 308, in the same manner, 

[0114] The CPU (host control device) 401, the memory 402, the data input /output control device 406, and the bus 
40 407 in the host computer 400 are substantially tiie same tiie corresponding constitutional elements in the Infomiation 
recording / reproducing apparatus 300. 

[0115] in particular, the operation control device 403 receives an operation instruction and performs display with 
respect to the host computer 400, and transmits an instmctiofi, by the operation button 404, such as an instruction to 
record or reproduce, to the CPU 401. The CPU 401 may transmit a control command to the information recording / 

45 reproducing apparatus 300, through the data input / output cor^tral device 406, on the basis of instruction inlonnation 
from the operation control device 403. to thereby control the entire information recording / reproducing apparatus 300, 
In the same manner, the CPU 401 can transmit a command for requesting the information recording / reproducing 
apparatus 300 to transmit an operational state to the host, with respect to the infonnation recording / reproducing 
apparatus 300. By this, the operational state of the information recording /reproducing apparatus 300, such as during 

50 recording and during reproduction, can be recognized, so that the CPU 401 can output the operational state of the 
information recording / reproducing apparatus 300 to the display panel 405, such as a fluorescent tube and an LCD, 
through the operation control device 403. 

[0116] One specific example used by combining the information recording /reproducing apparatus 300 and the host 
computer 400, as explained above, is household equipment, such as recorder equipment for recording and reproducing 
55 video images. The recorder equipment records a video signal from a broadcast reception tuner and an external connection 
terminal, onto a disc, and outputs the video signal reproduced from the disc to external display equipment, such as a 
television. The operation as the recorder equipment is performed by executing a program stored in the memory 402, on 
the CPU 401. Moreover, rn another specific example, the information recording /reproducing apparatus 300 is a disc 
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drive (hereinafter referred to as a "drive", as occasion demands), and the host computer 400 is a personal computer 
and a work station. The host computer, such as the personal computer, and the drive are connected through the data 
Input / output control device 308 (406), such as the SCSI and the ATARI, and application, such as writing software, 
insialled in the host computer controls the disc drive. 

5 

(2-2) Operation Principle 

[0117] Next, with reference to FIG. 7, as well as FIG. 8 and FIG. 9, as occasion demands, the operation principte of 
the information recording /reproducing apparatus according to the embodiment of the information recording apparatus 
-io of the present invention will be discussed. FIG, 7 is a flowchart showing a recording operation by the information recording 

/reproducing apparatus, according to the embodiment of the information recording apparatus of the present invention. 
[0118] The expiatiation will be given in accordance with the operation procedure. 

[0119] As shown in FIG. 7, at first, if the optical disc is loaded (inserted), the management information recording area, 
such as the control data zone, is accessed by the optical pickup, as an initial operatfon, under the control of the CPU 
305 (step SI 01). 

[0120} Then, under the control of the CPU 305, the management information is read which Indicates the address of 
an area in the recorded state or the unrecorded state (step SI 02). 

[01 21 1 Then, under the control of the CPU 305, the read management Information is stored by the storing cSevice, 
such as the memory 307 (step S1 03), 

^ [0122] Then, under the control of the CPU 305, it is judged, on the basis of the management infomnation, whether or 
not the size of the unrecorded area in the penetrated area in the LO layer penetrated by the laser light is smaller than 
the predetermined amount, in recording the Information into the LI layer (step S104). The "predetermined amount" of 
the present invention is the size of an area in one or another state which can exist in the penetrated area, while ensuring 
substantially the same reproduction quality as that in the case where the penetrated area Is all in one or another state. 

25 The predetermined amount can be determined on the basis of the acceptable value of an amount of change which 
indicates a change in the reproduction quality The predetemnined amount can be obtained, experimentally, experientially, 
theoretically, or by simulation, or the like, and generally, it is sufficiently snnallerthan the laser irradiation diameter In the 
LO layer. 

[0123] Specifically, in the case of a penetrated area 1 1 having about 20 tracks in the unrecorded state, it is possible 
30 to substantially equate the reproduction quality of the information recorded In the LI layer through the unrecorded area 
(e.g. 20 tracks) in LO layer w^th that In the case where the penetrated area 11 is in a fuhy recorded state in the LO layer. 
In other words, t is possible to prevent the reduction of the asymmetry value of the information recorded in layer through 
the penetrated area 1 1 including the unrecorded area of 20 tracks, only by 2 to 3%, as compared to the asymmetry 
value of the information recorded in LI layer through the penetrated area 1 1 which is in the fully recorded state. Thus, 
35 It is possible to substantially equate the penetrated area 1 1 including the unrecorded area of 20 tracks with the penetrated 
area 1 1 which is In the fuHy recorded state in the recording of LI layer through the penetrated area 1 1 . 
[0124] Now. with reference to FIG. 8 to FIG. 10, one specific example of the ''predetemnined amount' of the present 
Invention is discussed. FIG. 8 Is a schematic diagram showing the predetermined amount of the present invention and 
the position relationship between the LO layer and the Li layer. FIGs. 9 are waveform diagrams showing a reiationship 
40 between the predetennined amount of the present invention and the amplitude of a reproduction HF. FIG. 1 0 is a graph 
showing the relationship between (i) the predetemiined amount of the present invention and (ii) the reproduction quality, 
such as an asymmetry value. 

[012SJ As shown in F(G. 8 and FJGs- 9, the predetermined amount is determined on the basis of the transit of the 
reproduction quality, such as the asymmetry value, which is obtained from the amplitude of the reproduction HF signal, 

^5 for example, of the information recorded in the L1 layer, by usmg the number of tracks in the unrecorded state in a 
penetrated area 11 as a parameter. In other words, as shown in FIG. 9(a), if the penetrated area 1 1 isin the fully recorded 
state, that maximizes the amplitude of the reproduction HF signai, for example, of the information recorded m the L1 
layer On the other hand, as shown In FIG. 9(f), if the penetrated area 1 1 is in the fully unrecorded state, that minimizes 
the annpiitude of the reproduction HF signal, for example, of the information recorded in the LI layer. Theri, from FIG. 9 

50 (b) to FIG. 9(e), the amplitude of the reproduction HF signal transits from the maximum to the minimum, with the number 
of tracks in the unrecorded state as a parameter 

[0126] in addition, as shown in FIG. 10, the transit of the reproduction quality, such as the asymmetry value, of the 
infomiatJon recorded in the LI layer ts plotted, with the number of tracks in the unrecorded state as a parameter. 
[0127] As described above, on the basis of the experimental results, It can be said that in the case of the penetrated 
5S area 1 1 having about 20 tracks in the unrecorded state, it is possible to substantially equate the reproduction quality of 
the information recorded in the L1 layer though unrecorded area {e.g. 20 tracks) in LO layer with a reproduction quality 
of the information recorded through a fully recorded area in the penetrated area 11 is in the fully recorded state. 
[0128] Incidentally, the predetermined amount may be determined on the basis of the recording features per an 
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individual optical disc, the variation of the recording features In the recording area of one optical disc, and the recording 
features of the optical disc which is influenced by the information recording apparatus including various performances 

of the optical pickup. The subject returns to FIG, 7 again. 

[0129] Then, as a result of the judgment in the step SI 04, if the size of the unrecorded area in the penetrated area 
1 1 in the LQ layer penetrated by the laser light is smaller tfian the predetermined amount, such as 20 iracks, in recording 
the information into the predetermined area 12 In the LI layer (the step SI 04: Yes), the information is recorded into the 
predetemiined area 12 in the LI layer, under the control of the CPU 305 (step S105). 

[0130] Then, under the control of the CPU 305, it Is judged whether or not the recording operation is continued (step 
S1 06). If the recording operation is not continued (the step 81 06: No), the address of the information recorded in the L1 
layer or the like is updated to the management information on the memory, and the updated management infonnation 
is recorded into the management infomiation recording area, such as the control data zone CD2, of the optical disc 
(step S1 07). 

[0131] Then, the optical disc is unloaded (ejected) (step 8108). 

[0132] On the other hand, as a result of the judgment in the step SI 04, if the size of the unrecorded area in the 
penetrated area 1 1 in the LO layer penetrated by the laser Ught is not smaller, i.e. larger, Itian the predetermined amount, 

such as 20 tracks, in recordmg the information iiito the predeternnined area 12 m the LI tayer (the step S104! Ho), it is 
judged whether or not to move to an area in which the recording can be performed in the L1 layer, under the control of 
the CPU 305 (step 81 09). If it Is judged not to move to the area in which the recording can be performed in the L1 layer 
(the step SI 09: No), the infornriatfon is recorded into the penetrated area 1 1 In the LO layer, under the contro^ of the CPU 
305 (stepSnO). 

[01 33] Then, the address of the information recorded in the LO layer or the like is updated to the management information 
on the memory, and the updated management information is recorded into the management Information recording area, 
such as the control data zone CDZ, of the optical disc (step 8111). Then, again, it is judged, on the basis of the 
management information, whether or not the size of the unrecorded area in the penetrated area 11 in the LO layer 
penetrated by the laser light is smaller than the predetermined amount (the step SI 04). 

[0134] On the other hand, as a result of the judgment in the step S1 09, if it is judged to move to the area in which the 
recording can be performed in the L1 iayer (the step SI 09: Yes), the infornnation is recorded after moving to the area in 
whbh the recording can be performed in the LI layer (the step SI 05). 

30 (3) One Study of Operation and Effect of Information Recording Apparatus of Present Invention 

[0135J Next, with reference to the above-mentioned FIG. 8 to FIG. 10, as occasion demands, in addition to FIGs. 1 1, 
one study is made on the operation and effect of the information recording apparatus of the present invention. FIGs. 1 1 
are a schematic diagram (FIG. 1 1(a)) showing a recording area in the case where two predetermined areas 12a and 
35 12b are formed by the recording order if there is a small unrecorded area In the LO layer In a comparison example, and 
a schematic diagram (FIG- 1 1 (b)) showing a recording area In the case where one predetermmed area 1 2 is formed by 
the recordmg order on the basis of the predeternnined amount of the present invention determined in accordance with 
the acceptable value of the amount of change which indicates a change in the r^roductlon qualHy of the mfomnation- 
recorded in the L1 layer. 

[0136] According to the embodiment of the infomnation recording apparatus of the present invention, the recording is 
perfomied on the basis of the comparison judgment of (]) the size of the area in the unrecorded state, for example, m 
the penetrated area of the LO layer and (li) the predetermined amount determined in accordance with the acceptable 
value of an amount of change which Indicates a change in the reproduction qualrty of the information recorded m the LI 
layer, under the control of the controfiing devfce. 

45 [0137] 11 the recordmg based on the predetermined amount is not performed, there is a possibility that the recording 
area to satisfy the above-mentioned recording order Is wasted lengthily. More specilically, as shown in FIG. 1 1 (a), for 
example, in an actual recording operation, there is likely the case where snnall unrecorded areas are unevenly distributed 
in the LO layer. In this case, in the comparison example, in orderto satisfy the recording order, the recording Is performed 
Into the Li layer, only by the laser light which has penetrated one of the recorded areas between which the unrecorded 

so area in the LO layer is located, not to make the laser light penetrate the unrecorded area In the LO layer. Therefore, the 
recording area in the LI layer which faces the area located on the inner circumferential side of the unrecorded area m 
the LO layer and the area located on the outer circumferential side, is to be divided into the predetermined areas 12a 
and 12b to perform the recording in.the L1 layer. Thus, there arises an area where the recording cannot be performed 
between the both areas, and this causes a waste of the recording area in the LI layer. 

ss [0138] As opposed to this, according to the embodiment of the infonmation recording apparatus of the present invention, 
the recording is performed on the basis of the comparison judgment of (i) the size of the area in the unrecorded state, 
for example, in the penetrated area of the LO layer and (ii) the predetermined amount determined in accordance with 
the acceptable value of an amount of change which indicates a change in the reproduction quality of the mformatlon 
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recorded in the L1 layer, under the control of the controlling device. 

[01 39] Specifically, according to the study of the inventors of the present invention, it is known that the recording can 
be performed wrth the laser light penetrating the unrecordeci area in the LO layer, (]) if the size of the unrecoraied area 
in the LO layer Is substantially ampler than the dianneter of the laser light with which the LO layer is irradiated and (ii) it 

5 it is an amount which satisfies (or is within a range of) the acceptable value of the amount of change whicti Indicates a 
change in the reproduction quality of the information i^corded in the L1 layer. More specifically, for example, as shown 
in the above-mentioned FiG. 8, if the information iS recorded into the L1 layer with the width of the unrecorded area as 
a parameter, the reproduction HF waveform of the information has a wavefomi shape shown in FIGs. 9. Reproduction 
features, such as the asymmetry value, In the LI layer cateulated by the reproduction HF waveform takes the value 
shown In FIG. 1 0, In other words, in the case of the unrecorded area holding a radius width of about 20 tracks in the LO 
layer, it can be said that it is possible to substantially equate the reproduction quality of the information recorded in the 
LI fayerthrough the unrecorded area (e.g. 20 tracks) rn the LO layer with a reproduction quality of the information recorded 
in LI layer through a fully recorded area in the LO layer (or all recorded LO layer). Therefore, as shown in FIG. 1 1 (b), it 
is possible to perform the recording with respect to the L1 layer, even by the laser WghX which has penetrated the small 

15 unrecorded area in the LO layer holding a radius width of about 20 tracks, for example. As a result, the recording area 
of the L1 layer is minimally wasted, and the recording area can be used more efficiently. That is to say, as shown by the 
predetermir^ed area 12 In Fig. 11(b), the continuous recording is performed on more wider area in the LI layer. As a 
result, the recording time and the recording area of the L1 layer is minimally wasted, and the recording area can be used 
more efficiently. 

20 

(4) Another study of Operation and Effect of Information Recording ^paratus of Present Invention 

[01 40] Next, wrth reference to the above-mentioned 11 Jn addition to FIGs. 1 1 , another study is made on Itie operation 

and effect of the information recording apparatus of the present invention. 
25 [0141] According to the information recording apparatus of the present invention, it is judged whether or not the size 
of the area tn the unrecorded area, for exampie, of the penetrated area in the LO layer is smaller than the predetermined 
^ount, under the control of the controlling device. 

[0142] It the above-mentioned judgment is not perfomied, the following problem occurs. Namely, there is a possibility 

that when the information is recorded into the LI layer by the laser light which has penetrated the LO layer, the most 
30 part or ieast part of the penetrated area of the LO layer penetrated by the laser light \s in the unrecorded state. In this 
case, in order to uniform the reproduction quality of the information which is recorded into the LI layer, a place large. 
enoLigh to ensure an area in the recorded state, only as needed, is searched for, subsequently or as an mitial operation, 
and the area in the recorded state is set as the penetrated area in the LO layer. Then, the mformation is recorded into 
the L1 layer. Therefore, it is necessary to respond to the area m the recorded state or the area in the unrecorded state, 
35 which occur irregularly, in the LO layer, so that it is difficuH: to quickly and appropriately ensure the recording area which 
satisfies the recording order. 

[01 433 Alternatively, in this case, for example, the recording power of the laser light is relatively changed, in order to 
equalize (i) the reproduction quality of the information recorded in the L1 layer by the laser light which has penetrated 
an area In the LO layer in the recorded state and (ii) the reproduction quality of the information recorded in the LI layer 
by the laser light which has penetrated an area in the LO layer in the unrecorded state. Therefore, a complicated recording 
control process is needed, such as frequently changing the recording power^ and this increases a time length required 
forth© recording operation. In addition, the complicated recording control process cannot respond to high-speed recording 
andthts likely causes non-uniform reproduction quality of the information recorded In the L1 layer 
[0144] As opposed to this, according to the embodiment of the mformation recording apparatus of the present invention, 

^5 it is judged whether or not the size of the area in another state, such as in the unrecorded state, for example, in the 
penetrated area of the LO layer is smaHer than the predetermined amount, under the control of the controlling device. 
Therefore, it is possible to almost or completely eliminate an influence of the irregular occurrence of the area In the 
recorded state or the unrecorded state in the LO (ayer, to thereby ensure the area which appropriately satisfies the 
recording order, more efficientfy. In addition, it is also possible to ensure the area in the L1 layer where the recording 

50 can be performed, more efficiently, by the recording operation using the laser light which has penetrated the area of the 
LO layer including the predetermined amount of area detenmined in accordance with the acceptable value of the amount 
of change which mdicates a change in the reproduction quality of the information recorded in the L1 layer; namely, by 
the recording operation based on the predetermined amount. 

[0145] As a result, it is possible to minimize a waste of the recording area in the LO layer and the L1 layer, In the 
^5 recording operation for appropriately satisfying the recording order and in the recording operation based on the prede- 
termined amount, and it is possible to use the recording area, more efficiently. Moreover, it is possTble to skip the 
complicated recording control process, such as frequently changing the recording power, as much as possible, so that 
It is possible to reduce a time length required for the recording operation, in addition, for example, in the high-speed 
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recording, the complicated recording control process Is not required, so tliat it is possible to ainnost or connpletely uniform 
the reproduction quality of the information recorded in the LI layer. 

[0146] In particular, this is more effective m a recording method in which the recording is aiternately performed in each 
constant fength, in two recording areas which face or are opposed to each other in the LO layer and the LI layer. 

5 SpecificaHy, as shown inttie above-mentioned FIG. 1 1 (b), it is possible to minimize a waste of the recording area.between 
the predetermined areas 12a and 1 2b \n the recording in the Lt layer with the laser light penetrating the small unrecorded 
area (e.g. 20 tracks) in the LO layer, and it is possible to use the recording area, more efficiently especially in the L1 layer 
[0147] In the above-mentioned embodiments, the information record! ng/reproducmg apparatus foradditionaj recording 
or writing once, such as a DVD-R recorder and a DVD-^R recorder; is explained as one example of the information 

^0 recording apparatus. The present invention, however, can be appjied to an information recording / reproducing apparatus 
for rewrrting, such as a DVD-RW recorder and a DVD+RW recorder. Moreover, it can be applied to an information 
recording / reproducing apparatus for large-capacity recording, which uses blue laser for recording / reproduction. 
[0148] The present invention is not limited to the above-descnbed smbodiments, and various changes may be made, 
it desired, without departing from the essence or spirit, of the invention which can be read from the claims and the entire 

f5 specification. An information recording apparatus and method, and a computer program, ah of which involve such 
changes, are also intended to be within the technical scope of the present invention. 

industrial ApplicabllJty 

20 [0149] The ififonnatlon recording apparatus and method, and the computer program for recording control according 
to the present invention can be applied to a multilayer optical disc, such as a dual-layer DVD. Moreover, they can be 
applied to an rnfonmation recording apparatus or the like which is mounted on various computer equipment for consumer 
use or for commercial use. or which can be connected to vanous computer equipment. 
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Claims 



1. An information recording apparatus for recording information intoat least a predetermined area of a second recording 
layer by iaser light which has penetrated a penetrated area of a first recording iayer, with respect to an information 
30 recording medium comprising at least: the first recording layer in which the information can be recorded; and the 

second recording layer in which the infonnation can be recorded, 
sa^d information recording apparatus comprising: 

a recording device for recording the information in the first recording layer or the second recording iayer; 
^ a judging device forjudging whether or not an unrecorded amount which indicates a size of radius of an area 

in an unrecorded state in the penetrated area is smaller than a predetermined amount; and 
a controNing device for controlling said recording device to record the informatior^ into the predetemnined area 
if it is judged thattiie unrecorded amount is smaller than the predetemnined amount, 

40 2. The information recording apparatus according to claim 1, wherein 

llie predetemnined ^ount Is sufficiently smaller than laser irradiation radius. 

3. The mfornnation recording apparatus according to clafm 1, wherein said controflfng device controls said recording 
device to record the information into the area in the unrecorded state in the penetrated area if it is judged that the 

45 unrecorded amount is not smaller than the predetermined amount. 

4, The infonnation recording apparatus according to claim 1 , wherein 

said infonnation recording medium has a management information recording area in which management infonnation, 
which manage unrecorded state or recorded state per area unit, can be recorded, 
50 said rnfonmation recording apparatus furthercomprlses an obtaining device for obtaining the management information 

recorded in the management information recording area, and 

said judging device judges whether or not the unrecorded amount Is smaller than the predetermined amount, on 
the basis of the size of radius of the area in the unrecorded state in the penetrated area which is calculated by the 
obtained management information. 



5. The information recording apparatus according to claim 4, further compnsing: 
a storing device for storing therein the management infonnation; 
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an updating device for updating the stored nnanagement infonnation; and 

an another recording device for recording the updated aianagement information into the managennent infonna- 
tion recording area. 

s 6, The Information recording apparatus according to claim- 1 , wherein the predetermined amount is expressed by a 
data amount with a radial position in the first or second recording layer as a par^eter. 

7. The information recording apparatus according to claim 1 , wherein the predetermined amount can be determined 
on the basis of at least one of (i) optical properties and recording features per an individual of said information 
recording medium, and (ti) va!iat^on of optical properties and recording features in a recording area of one information 
recording medium, and (iii) optica! properties and recording features of said Information recording medium influenced 
by various performances of said information recording apparatus.. 

8. The information recording apparatus according to claim 7, wherein 

IS said recording device or said controlling device includes an optjcal pickup, and 

the optical properties and the recording features of said mformation recording medium influenced by the various 
performances of said "ir^fonmation recordmg apparatus are determined on the basis of (i) a numerical aperture of an 
objective lens owned by the optical pickup, (ii) a refractive index of a middle area which exists between the first 
recording layer ar^d the second recording layer, and (iii) a laser irradiation diameter in the first recording layer if the 

20 laser light is focused on the second recording layer. 

9. The information recording apparatus according to claims 1 , wherein 

a spiral or concentric first traG!< is formed to record the information in the first recording layer of said information 
recording medium, and a spiral or corKjentric second track is fomned to record the infonriation in the second recording 
^ layer, the second track sharing a rotation center with the first track, and 

said controlling device controls said recording device to record the infomnation, while setting a radial position of the 
predetermined area, with a predetennined margin included in a radial position oi the penetrated area. 

10. TTie information recording apparatus according to claim 9, wherein a margin amount which indicates a size of the 
^ predeteimined margin is determined on the basis of at least one of (i) a dimensional error held by each of the first 

recordmg layer and the second recording layer, (ii) an eccentric amount caused by a pasting error in the first recording 
layer and the second recording fayer, and (iii) an Irradiation position error which indicates a difference between (iii- 

1) a second irradiation positfon for indicating a radial position of a focus point In the second recording layer and (ill- 

2) a first irradiation position for Indicating a radial position of an edge of the penetrated area which is irradiated with 
33 the iaser tight rot to focus thereon, when the laser light is irradfated to focus on the second recording layer 

11. The infonrkation recording apparatus according to claim 1 ^ wherein 

said recording device (i) records the infoimation mto a first recording area in the second recordmg layer by the laser 
light which go through a recorded area in the first recording layer, based on one reproduction quality, and (ii) records 
^ the Jnformation into a second recording area m the second recording layer by the laser light which go through an 

unrecorded area in the first recordlr^g layer based on another reproduction quality which is substantially same as 
the one reproduction quality. 

12. The InformatEon recording apparatus according to claims 1 1 , wherein the reproduction quality is represented by at 
least one of an asymmetry value, a jitter value, and a reproduction error rate. 

13. The information recording apparatus accorcling to claims 1, wherein 
the predetermined amount is substantially 20 tracks. 

50 14, An information recording method in an mformation recording apparatus for recording information Into at least a 
predetermined area of a second recording layer by laser light which has penetrated a penetrated area of a first 
recording layer, with respect to an information recording medium comprising at least the first recording layer in 
which the infonnation can be recorded; and the second recording layer in which the infonnation can be recorded, 
said information recording method comprising: 

55 

a recording process of recording the information In the first recording layer or the second recording layer; 
a judging process of judging whether or not an unrecorded amount which indrcates a size of radius of an area 
in an unrecorded state in the penetrated area is smaller than a predetermined amount; and 
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a controlling process of controlling said recording device to record the information into itie predetermmed area 
if It Is judged that the unrecorded amount is smaller than the predetennined annount. 

15. A computer program of instructions for recording control and for tangibly embodying a program of instructions 
executable by a computer provided in said information recording apparatus according to claim 1, to make the 
computer function as at least one portion of said recording device, said judging device and said controfling device. 
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[FIG. 3] 
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[FIG. 7] 
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